French Guiana is located on the Atlantic coast of South America, north of the mouth of the Amazon River. This French department is mostly covered by the Amazonian rainforest and is presently inhabited by five non-acculturated Native American populations whose members speak languages from three large families, Arawak (Palikur), Karib (Kali'na, Wayana) , and Tupi-Guarani (Emerillon, Wayampi). The first groups arrived at the region in the first centuries of the present era occupying distinct places in the littoral and interior along the years; culturally they show a series of clear distinctions, both in relation to their material tools and social organization (Nimuendajú 1926; Grenand & Grenand 1985; Campbell 1997) . Their genetic relationships have initially been examined by the study of several hemato-immunologic systems (Larrouy et al. 1964a,b; Daveau et al. 1975; Tchen et al. 1978a,b; 1981; Dugoujon et al. 1994) . The results associated with those obtained for the Apalaí-Wayana, a neighboring Amerindian tribe living in the Brazilian state of Amapá (Salzano et al. 1988) , have mainly revealed the genetic distinction between the hinterland Emerillon and the coastal Palikur, in accordance with archaeological, ethnological and contemporary demographic data (Mazières et al. 2007 ). These authors stressed the usefulness of DNA investigations to better understand French Guiana's early settlement. In particular, the Palikur remain one of the most enigmatic populations. Linguistic approaches placed the putative origin of this Maipurean-speaking group in as remote an area as the North-Central Peruvian region, from where speakers of the Maipurean branch of the Arawak family could have expanded 3,000 years ago (Urban 1992; Campbell 1997) .
For more than two decades, Native American Indians have been widely examined for the mitochondrial DNA (mtDNA) and the nonrecombining portion of the Y-chromosome (NRY), two uniparental inherited genetic systems intensively screened in human populations (Horai et al. 1995; Ingman et al. 2000; Underhill et al. 2000 Underhill et al. , 2001 . Problems related to the Amerindian populations relationships and their migration patterns were investigated (Torroni et al. 1992 ; Horai et al. 1993; Merriwether et al. 1995; Underhill et al. 1996; Bonatto & Salzano 1997; Salzano 2002; Schurr & Sherry 2004) . These and other studies showed that most of the Ychromosome and mtDNA diversity fall into major haplogroups defined by specific single nucleotide polymorphisms (SNPs) and other types of markers (Wallace et al. 1985; Schurr et al. 1990; Bailliet et al. 1994; Forster et al. 1996; Underhill et al. 1996; Brown et al. 1998; Bergen et al. 1999; Bortolini et al. 2003; Jobling & Tyler -Smith 2003; Seielstad et al. 2003) . In South America these studies have dealt with extinct and extant populations (Ribeiro-dos-Santos et al. 1996; Lalueza et al. 1997; Bert et al. 2001 Bert et al. , 2004 Garcia-Bour et al. 2004; Moraga et al. 2005; Lewis et al. 2005; Marrero et al. 2007a; Torres et al. 2006 (Torroni et al. 1992) were directly amplified using the polymerase chain reaction (PCR) with the following primers (Invitrogen): Haplogroup A, F570 (5'-CAACCAAACCCCAAAGACAC-3') and R741 (5'-ATGCTTGTCCCTTTTGATCG-3'); haplogroup B, F8223 (5'-CATGCCCATCGTCCTAGAAT-3') and R8383 (5'-TATGGTGGGCCATACGGTAG-3'); haplogroup C, F13229 (5'-CGCCCTTACACAAAATGACA-3') and R13353 (5'-GGACCCGGAGCACATAAATA-3'); haplogroup D : F5074 (5'-CCGTACAACCCTAACATAACCA-3') and R5219 (5'- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Anderson et al. 1981; Andrews et al. 1999 ) with the F16021 (5'-CTGTTCTTTCATGGGGAAGC-3') and R16422 (5'-ATTGATTTCACGGAGGATGG-3') primers.
Amplifications were carried out in a reaction mix containing 1x of buffer, 3mM of magnesium ions, 0.05mM of each dNTP, 0.2µM of each primer and 1.25 U of Taq polymerase.
After an initial 10-minutes (min.) denaturation step, 35 cycles of amplification were performed.
The temperature profile was 94°C for 1 min., 60°C for 1 min., 72 °C for 1:30 min., and a final extension step of 10 min at 72°C.
PCR products were digested with the appropriate endonucleases. The resulting fragments, as well as the PCR products containing the 9pb-deletion, were screened through electrophoresis on 3% NuSieve-Agarose (1:2) (Tebu-bio) gels stained with ethidium bromide. After purification of the HVS-I fragments with the QIAquick spin columns (Qiagen), both strands were sequenced using the BigDye™ terminator Cycle Sequencing Ready Reaction v1.1 (AB Applied Biosystems). The runs were carried out at Toulouse in an automatic ABI Prism 310 sequencer.
The Apalaí samples were purified with the polyethylenoglycol (PEG) method and sequenced at Porto Alegre using the DYEnamic™ ET Dye terminator Cycle Sequencing kit, as required for the MegaBACE™ DNA Analysis System (Amersham Biosciences).
For the Y-chromosome eight biallelic markers (M3, M242, M9, 92R7, YAP, M2, RPS4Y 711 and M19) were typed using the methods described in Bortolini et al. (2003) and Marrero et al. (2005) . Haplogroups defined by these polymorphisms were named following the nomenclature suggested by the last Y Chromosome Consortium release (Jobling & Tyler-Smith, 2003) . A designation such as Q* defines all chromosomes that do not possess the derived allele, 
Preventing Contamination and Artifacts
DNA extractions and PCR determinations were performed following a series of standard practices to avoid laboratory contamination. Negative controls consisting of mock extractions (sample omitted) and PCR blanks without DNA were used all along the testing procedures. To prevent the introduction of exogenous DNA, laboratory rooms were routinely ultraviolet (UV)irradiated. Nucleic acid extractions, PCRs and post-PCR handling were performed in isolated work areas, using sterile equipment for each of them. The instruments were subjected to extensive rinsing in sterile µQH 2 O. Aerosol-resistant barrier pipette tips were employed. All equipments, disposables, and reagents were UV-irradiated before use, and frequent bleaching of working surfaces was adopted. Finally, all researchers and laboratory staff were typed for the markers of study.
Stringent criteria were employed for authentication. As far as possible, related individuals were typed or sequenced. The genotypic results of their lineages were then validated after comparison with the genealogical data; only unrelated individuals, however, were included in the analysis. To ensure that no systematic artifacts were introduced in the course of the sequencing process that could have produced "phantom" mutations we applied the filtering process described by Bandelt et al. (2002) . This analysis filters speedy transitions and thus scores weighty mutations only.
Genetic Analysis
The mtDNA and Y-chromosome haplogroups were assigned following published criteria (Torroni et al. 1992; Salas et al. 2002; Bandelt et al. 2003 , Jobling & Tyler-Smith 2003 .
Haplogroup frequencies were calculated by counting. Genetic distances were obtained with the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Almost all of them could be classified into the four major founding mtDNA haplogroups. A non-Amerindian, African mtDNA lineage (L2d2) was found in the Kali'na (haplotype n°56; it also shows mutations 16390 and 16399, not indicated in Table 1 because these sites do not vary among Amerindians). Only two major haplogroups were found in the Emerillon (A: 30%, B: 70%) and Palikur (B: 56%, D: 44%), while three or more were observed in the other four populations examined. Finally, only seven HVS-I haplotypes (n°s. 2, 15, 21, 27, 31, 44, and 49) were shared by the several populations.
The median joining network obtained with the 300 HVS-I sequences is displayed in Fig. 2. Four clusters can be visualized, corresponding to the B/B4 (left), A2/A4, D1, and C1 (right) haplogroups. The mutations leading to the different haplotypes are shown, together with their frequencies (as depicted by the sizes of the circles and their relative shading). The distinctiveness of the African lineage no. 56 is clearly observed, its connection with the network being mediated by seven mutations. Exclusive, relatively frequent Apalaí and Wayampi haplotypes occur in A2, A4 and D1, but not clear pattern appears in relation to the populations in which the other haplotypes occur. Table 3 . Amerindian lineages Q* and Q3* are predominant, and the Emerillon, Wayampi, and Apalaí are monomorphic for Q3*. There is no previous report of the K* occurrence in Amerindians; this haplogroup is especially frequent in Asiatics (about 30%), but also occurs (generally in frequencies of less than 5%) in Europeans (Bortolini et al. 2003) . It is possible, therefore, that its pres ence in three of the six populations sampled may be due to non-Amerindian heritage. The sub-Saharian E3a lineage was found in the Kali'na (9.4%; who also presented evidence of African admixture in the mtDNA data) and Matsiguenga (3.2%).
Y-chromosome

Population Relationships
Interpopulation genetic distances based on Y-chromosome and mtDNA haplogroups were calculated (data not shown) but this comparison is hampered by the lack of large variability at the Y-chromosome level. In this case the only point that could be stressed is the separation of the Palikur from the three other Guianese tribes that are monomorphic for Q3*. 
Genetic intrapopulation diversity
The Y-chromosome data is not appropriate for intrapopulation diversity comparisons because the variability is low and may be heavily influenced by non-Amerindian admixture. The mtDNA results, on the other hand, can be profitably considered for this purpose, and results of the analyses made are displayed in Table 5 
Discussion
We can now examine the questions asked in the introduction in the light of the results obtained. In relation to the first, it is clear that geographic factors should have played a more important role than linguistic similarity in French Guiana, since the mtDNA relationships associated mainly the two littoral (Kali'na, Palikur) and two southern (Apalaí, Wayampi) tribes, who speak languages from different families (Karib, Tupi-Guarani).
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F o r P e e r R e v i e w
Haplogroup (Hgp) assignation according to Bandelt et al. (2003) . Populations: Pal: Palikur; Kal: Kali'na; Em: Emerillon; Wyp: Wayampi; Ap.
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